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1.0  _______ 

Tim  purpose  erf  this  r sport  is  to  proviso  Aircraft  Maintenance 
Manegooont  and  Engineering  i  Mar  sat  ion  noeossary  to  soioct  tho 
optiouo  oedsrniaation  plan  to  updato  tho  ok 1 sting  shoot  ootal 
ohop  far  tho  Aircraft  Division^  Building  379*  at  Ban  Antonio  Air 
Logistics  Cantor  (BA-ALC) . 
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This  raport  describes  tho  odthadolafy  used  in  accueulating  data 
and  how  these  data  wore  interpreted  to  derive  the  proposed 
Modernisation  layout. 
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latwt  artvanrese nts  in  shoot  nui  fabrication  anuipaant  to 
iaprava  productivity  of  the  sheet  aetal  facility. 


The  taafca  e#  this  study  Mere  tea 

1.  Kvsluete  present  sheet  aetal  operations  at  SA-ALC  with 
ropard  to  organisation,  workload,  and  aqulpeont  to 
establish  a  basis  for  develop inf  productivity  iaproveeent 

rocoeeendstieno. 

2.  Study  other  sheet  eetal  aanuf acturers '  operations  to 
deter  ad  ne  desirable  t school spy  and  oputpoont  capabilities 

which  casald  be  utilise  ts  i  opr  eve  the  sheet  awtal 
operations  at  SA-ALC.  This  study  fscusod  on  processes, 
opulpssnt,  work lead,  Mark  flow,  and  orpanisational 
in tar faces. 

3.  Develop  sptlaua  ssdornlaation  plan  to  upprade  the  pr scant 
sheet  aetal  chop  in  Suildinp  379  at  SA-ALC. 

4.  Study  the  pr scant  support  orpanisational  interfaces 
<l.a.,  Snpinosrinp,  Planninp,  Schaoulinp,  etc.), 
cchodullnp  tsshnlpues,  and  parts  accauntabllityi  and 

Misdirected  Material  flew.  Material  short apes ,  and  other 
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The  tvtlMtion  activity  proceeded  through  theee  eejer  etepsi 

1.  Conducted  shoot  metal  shop  survey  te  evaluate  and 
decueent  current  conditions. 

2.  Conducted  roooto  site  surveys  to  evaluate  the  si tee* 
oethode  of  operation  and  to  ascertain  if  portions  of 
their  technology  and  techniques  could  be  applied  to  SA- 
ALC  operations. 

3.  Conducted  equip sent  evaluation  at  8A-ALC  and  evaluated 
eaintenance  records. 

4.  Developed  four  shoot  eetal  shop  conceptual  layouts  in 
sufficient  detail  to  provide  eet lasted  budgetary  costs 
for  new  equip sent  and  an  indication  of  increased 
fabrication  capability.  Each  conceptual  layout  allowed 
for  integration  of  now  machines  with  om! sting  equipment 
and  progressive  el iai nation  of  obsolete  aachines. 

5.  Determined  potential  impact  to  support  organisation 
interfaces  due  to  the  large  quantities  of  data  and 
material  required  to  support  the  proposed  modernisation 
plan. 


f  n I 

The  recsaeondod  modernisation  plan  was  selected  free  the  four 
conceptual  layouts  pr  soon  tod  to  1A-ALC  on  Pec  ember  17,  IMS. 
This  plan  allows  for  integration  of  now  machines  with  existing 

■preset vs  elimination  of  obsolete  machines. 
CHloting  machines  are  te  be  refurbished  to  return  thee  to 


ilitloo.  High-technology  ancillary  equipmont  ii 

\jtfO  4  :  fc  —  Ir  4  ^  »»■  * 
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ncB— ndert.  This  plan  can  ba  implemented  in  saall  incrsaants  so 
that  thara  Mill  ba  llttla  or  no  lap act  to  tha  ahaat  aatal 
production  capability  during  tha  transition  parlod. 

With  tha  introduction  of  now  high-technology  oachinaa  and 
aquipaant  in  tha  ahaat  aatal  shop,  larga  aaounts  a*  data  (parts 
fabrication  plana,  digitizad  data  sets,  ate.),  tooling,  and 
aatarial  ara  raquired.  Tha  support  organisation  interfaces 
(i.a. ,  Engineering,  Planning,  Material,  Scheduling,  etc.)  aust  bo 
in  a  position  to  respond  to  this  increased  work  load. 
Racoaaandations  are  provided  to  enhance  support  organizations* 
capability. 


3.0  SAN  ANTONIO  FACILITY  SURVEY 

A  survey  of  tha  Air  Force  Air  Logistics  Center  in  San  Antonio, 
Texas,  was  conducted  an  August  20-23,  1983.  The  abjective  of  the 
survey  mss  to  faeiliarize  teas  aeabers  Mith  available  inforaation 
on  sheet  aatal  operations,  facilities,  and  anticipatsd  shop  Mark 
loads.  Prod leas  Mith  the  existing  sheet  metal  fabrication  shop 
and  data  processing  mots  also  noted. 

Parts  being  fabricated  in  the  sheet  metal  area  of  Building  373 
(reference  Figure  1,  Sheet  Metal  Shop  -  Existing)  during  tha 
survey  mots  primarily  in  support  of  the  Paeer-Cite  program  to 
replace  coalings  on  the  B-S&4.  This  requires  SA-ALC  to  build 
replacement  cowling  assemblies  for  all  of  the  B-S2H  aircraft  in 
the  inventory.  In  addition  to  this  major  undertaking,  the  sheet 
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metal  arm*  mas  also  supporting  Material  Inventory  Center  (MIC) 
replacement  and  Maintenance  I tea#  Subject  to  Repair  (MZSTR) 
hardware. 

The  various  processing  shops  (heat  treat,  cleaning,  painting, 
etc.)  were  not  surveyed.  Their  ability  to  support  an  increase  in 
productivity  of  the  sheet  metal  shop  is  not  known  and  would  be 
difficult  to  determine  without  detailed  knowledge  of  current  and 
anticipated  work  loads. 

During  the  shop  survey,  several  situations  were  observed  which 
appear  to  be  counterproductive  and  would  not  support  a  proposed 
schedule-oriented  system.  They  were* 

1.  Shop  mechanics  devised  their  own  tooling. 

2.  Parts  were  being  made  on  a  hydraulic  press  using  a  rubber 
assist  on  same  of  the  tools  (form  block).  This  resulted 
in  unacceptable  flanges  which  required  hand  working  to 
achieve  a  finished  part. 

3.  Band  sawe  had  apparent  excess  chatter,  possibly 
indicating  the  wrong  type  of  blade.  Shop  mechanics 
indicated  saw  blades  were  not  appropriate  for  the  job  at 
hand.  Correct  blades  had  been  ordered  but  substitution 
was  mads  during  procurement. 

4.  Large  pallets  of  raw  material  were  setting  idle  because 
oft 

-  Job  being  held-  because  of  shop  "earned-hours" 
requirements  to  satisfy  bookkeeping. 
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-  Notarial  waiting 


of  job  or  being  held  waiting 


for  other  aatarials  or  parts. 

3.  Thors  was  no  avidanca  of  a  controlled  production 
schedule. 

6.  Tool  proofing  was  not  baing  conducted. 


Poorly  maintained  power  machines  also  contributed  to  lees  than 
optimum  productivity.  Thosa  noted  during  the  survey  werei 

1.  Hydroform  press  ware  out  of  service  for  long  periods  of 
time. 

2.  Visible  cracks  in  structural  members  of  major  machines 
limited  the  machine's  capability  and  also  presented 
potential  personnel  safety  hazards. 

3.  Thera  were  no  modern  “state-of-the-art"  attachments  or 
high-technology  add-ons ,  such  as  trapped  rubber  heads  on 


hydraulic 


or  punching  capability  on  brake 


Remote  sits  surveys  were  conducted  to  evaluate  the  sites'  methods 
of  operation  and  to  ascertain  if  portions  of  their  technology  and 
techniques  could  be  applied  to  8A-ALC  operations.  To  perform 
these  surveys*  a  BAG  team  representing  Manufacturing  Engineering, 
Manufacturing  Planning,  and  Materials  and  Processes  Engineering 
was  organized  to  survey  the  fallowing  si test 
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Baaing  Co— rcial  Airplane  Company  (BCAC)  -  Seattla,  Washington, 
Saptsatosr  3  through  3,  1983 

Uniquansss  -  Autoaatad  planning  and  schaduling  systama.  This  is 
a  law  lot  siza  production  aparation  with  many  lot  sizas  of  10  to 
20  parts.  BCAC ' s  automation  systaa  controls  matarial 
procuramant,  schaduling,  shop  routing,  and  tooling  -for  a 
schadulad  quantity  a f  up  to  4.6  million  parts/ yaar. 

Baaing  Military  Airpl ana  Company  (BMAC)  -  Wichita,  Kansas, 
Saptamtoar  9  through  13,  1983 

Uniquanass  -  Insartion  of  singla  part  raquiramants  into 
standard!  zad  systaa.  Conversion  o-f  multiple  airframe 
manufacturers'  drawing  data  <L1011,  DC10,  DCS,  or  A300)  to  usable 
BMAC  working  data  is  a  major  undertaking.  This  conversion  is 
digitized  for  NC  machines  and  put  in  the  standard  planning  system 
(same  as  BCAC).  Tha  parts  are  than  processed  to  tha  airplane  in 
10  to  17  calendar  days. 

Sacramento  Air  Logistics  Center  (SM-ALC)  -  Sacramento,  California, 
Sop tambar  24  and  23,  1983 

Uniqueness  -  innovations  to  standard  Air  Force  regulations.  SM- 
ALC  is  implementing  a  new  parts  control  system  which  schedule* 
work  to  shops  on  a  parts-needed  basis.  This  starts  with  a 
preplanning  function  which  improves  material  procurement,  defines 
materials  for  volume  procurement,  and  reduces  lost  or  misplaced 
parts  and  materials. 
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Uni tad  Airlines  (UAL)  -  San  Francisco,  CA. ,  September  26,  19B3 

Uniquonass  -  Lika  BMAC,  UAL  haa  all  airframe  manuf acturars 
raprasantad  in  its  inventory.  UAL ' a  is  a  repair  and  maintenance 
operation,  whereas  BMAC ‘a  is  a  modification  operation.  To  meat 
its  demands,  UAL  has  taken  standard  company  processes  and  applied 
them  to  all  airframes.  It  also  is  involved  in  quick  turnaround 
for  repairs  and  has  devised  an  organizational  interface 
communication  system.  This  system  starts  with  the  preplanning 
meeting,  which  defines  expected  requirements.  Each  responsible 
organization  preplans  its  preliminary  work  on  the  basis  of  this 
expected  requirement  and  is  than  in  a  position  to  implement  work 
when  engineering  releases  final  data. 

Machines,  facilities,  and  craftsmen  at  each  site  were  found  to  be 
basically  the  same.  The  difference  in  productivity  is 

significant  and  is  caused  by  the  difference  in  requirements  at 
each  facility.  Each  site  visited  is  applying  new  technology  to 
its  operations  and  facilities,  each  in  a  different  manner.  Many 
of  these  techniques  can  be  applied  to  the  SA-ALC  modernization 
layout.  Appendix  A  (Industrial  Site  Survey  Technology  Assessment 
Report)  provides  additional  information  regarding  techniques  and 
l  methods  utilized  in  the  various  facilities. 

k 

3.0  EQUIPMENT  EVALUATION  AT  8 A-ALC 

The  sheet  metal  ehop  facilities  encompass  some  24,243  square  feet 
divided  into  two  areasi  13,300  square  feet  for  power  machines  and 
the  balance  for  hand  operations.  Machines  are  old,  averaging  24. 
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ft 


I 


y ears  of  service.  Tho  major  1 tarns  of  shoot  metal  power  equipment 
at  8A-ALC  aro  shown  in  Appondlx  B,  Tablo  B-l.  This  table 
idontifios  yoar  of  dalivory,  spare  parts  availability,  and  othor 
•valuation  data. 

Maintenance  data  mere  provided  for  11  items  of  power  eauxpment  as 
shown  in  Appendix  B,  Tables  8-2  through  8-12.  These  maintenance 
data  were  evaluated  to  arrive  at  anticipated  maintenance  costs  as 
illustrated  in  Appendix  B,  Figures  B-l  through  B-S.  Analyses  of 
these  data  were  used  to  arrive  at  the  conclusions  and 
recommendations  in  Table  B-l. 

6.0  SHEET  METAL  SHOP  MODERNIZATION  LAYOUT 
6. 1  PrgflMStigp  C#B«fij*y 

Since  baseline  data  were  not  available  for  the  sheet  metal  shop 
parts  count,  part  size,  material,  process  flow,  etc.,  the 
following  reference  documents  were  utilized  to  arrive  at 
projected  reguirements  and  capabilities! 

1.  A— 0013,  A12-UD-HB4  MMSIP  Monthly  Production  Count 
Summary/Analysis,  dated  June  30,  1983. 

2.  Analysis  of  Material  and  Parts  Processing  at  Aircraft 
Division,  Contract  Number  F41800-8S-C0090,  dated 
October  18,  1983. 

3.  Integrated  Computer-Aided  Manufacturing  < I CAM)  Sheet 
Metal  Center  Concept  Design  Volume  IX,  Contract  Number 
F33613-7B-C-3149,  dated  September,  1981. 
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Froa  ItM  1.  abova  and  conversation*  with  SA-ALC  poroonnol ,  it 
waa  datorained  that  tha  8A-ALC  baaalina  ahaat  aataX  part a  output 
la  batwoan  9,000  and  10,000  parta  par  aenth.  An  output  a#  10,000 
parta  par  aonth  will  ba  utilized  for  thla  atudy.  Figuroe  4.4  and 
4.3,  in  Voluaa  1  of  itaa  2.  abova,  previda  a  4— y aar  growth 
projoction  of  21.2  porcant.  Thla  figura  aiao  idantifioa  tha 
nuabora  and  typaa  of  aircraft  subject  to  SA-AcC ' a  control  during 
thia  6-year  pariod.  Aaauaing  that  thia  growth  would  bo 
applicabla  to  work  load  growth  in  tha  ahaat  aatal  araa,  a  21 
parcont  growth  aatiaata  la  uaad  for  calculatiano. 

Froa  tha  aupporting  docuaonta  liatad  abova,  tha  fallowing  data 
war#  darivod. 

1.  Tha  praaont  ahaat  aatal  production  count  io  10,000  parta 
par  aonth  with  a  total  incraaoa  of  21  porcant  in  4-years 
to  12,100  parta  par  aonth.  < Reference  docuaont  i. 
abova. > 

Whara  ai ngla-yaar  lncraaaaa  ara  calculatad,  tha  factor 
of  12.84  porcant  will  bo  uaad,  which  ia  tha  porcant  ago 
gain  froa  fiacal  yaar  83  to  fiacal  yaar  84.  Thia  factor 
will  ba  conaidarod  tha  "surge"  load  baaalina*  (Aoforanca 
docuaont  2.  abova.) 

2.  Material  ueage  (Reference  docuaont  3.  abova.) 
par cant ago a  ara  ae  fellowei 

88X  ■  Aluainua  Allaya 
7X  -  Stain looa  Stool 
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2&%  toy  Hy toi<y  (luTin  hutotoar  Farm) 

2.0%  toy  Ora#  Hi— r 
2.  IX  toy  ttrflUh  Praaa 
10.  PX  Othar 

Tha  MO  aurwy  tmmm  canal toara  tha  pacing  itaai  for 
taprovlnp  tha  ahaot  aat il  ohap  capatolllty  to  toa  the  NC 
routar  onto  tha  NC  praflla  punch  praaa.  Uaara  of  this 
aaulpnant  onto  tha  auppllar  Pat*  intolcata  tha  followin« 
porta  par  hour  capatolllty  toaaato  an  a  .080"  x  10.0"  x 
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Thnaa  vaIum  art  canawatlva  ani  Mill  vary  toaaa P  an  nata 
pracaaainp,  flaw  pat  tamo,  ■atari «l ,  ahap  aachanle  afcilla,  an# 
pracaaainp  ahap  auppart.  Thaaa  Pata  Hava  Nan  uaaP  ta  ealculata 
tha  pat anti al  incraaaaP  fabrication  eapaPil&ty  aa  ah a»an  in  Fipuro 
2,  flhaat  natal  Snap  Nartarnitatlan  Layout,  ana  in  Fipuro  3,  Porta 
Data. 


4.2 


Ta  aaalat  04  4LC  aanapoaant  in  tha  aaloctlon  ana  Juatif i cation  of 
tha  want  appr  opr  lata  facility,  coat  aatiaataa  for  now  opulpaont 
mo ra  proparaa  for  tooth  tha  OMiatinp  facility  ana  a  now  facility. 
Four  concaptual  layauta  wora  proparoai  two  layout a  for  the 


OMiatinp  facility  ana  two  for  a  propaoaa  now  facility. 


Kach  concaptual  layout  allowoP  for  intapratlan  of  now  aachinoo 
with  OMiatinp  apulpaont  ana  proprooalva  all nation  of  otoaalata 
Mchlnaa.  Tha  layauta  cauia  too  iaploaantaa  ana  at  a  tiaa  with 
ainiaua  tap act  ta  anpai np  ah oat  aatai  proPuctlan.  tot  tha  intaria 
raviaw  in  Oacaatoar  I960,  af tar  ropartinp  tha  coot  far  aach 
layout,  IP-OLC  airactian  moo  pi van  ta  cancantrata  an  oatlaatinp 
tha  upaatlnp  af  the  OMiatinp  facility. 

Tha  OMiatinp  ah oat  aatai  chap  la  not  Pool pnaP  far  an  aptiaua  flow 
of  parto.  Tha  aaPamisatian  layout  rapaai  tianaP  aaat  aa  jar  itaao 
af  apuipaant  far  aptiaua  flaw  af  parta  ana  notarial  thrauph  tha 
ahap.  Tha  HyPro  praaa,  900-tan  praaa,  ana  Pro or  prana  warn  not 
ralacataP  toaaauaa  af  outof laar  i natal lotion. 
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(U  OUSTIMO  SMOf  N(v  tMOtma 
INSTALLS)  TO  UAOUOC  CAMlMJTr 
WITH  SCLCCTfB  OLD  UACMMQ  AS 
MOOJP,  AOMD  MATtRML  STOftMC 

»m  n«w  amct  s**cc. 

«j  0«W  ww  TO  VMM  AS  IS. 
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PART  COU 

NT  DATA  (A) 

MKT  KORM 

MKT  on 

CAMSllITY 

SHTTi.  ■  '1KHBRHI 

PER  HD, 

hvoroform 

2,154 

2.809 

5.440  A  < 

1 

4.389 

5,311 

8.400  !< 

FLAT  MKTS 

2.300 

2.783 

18,200  A  * 

OROK  MAPPER 

1S4 

188 

280  A  < 

OTHCR 

•  NC  EXTRUSION 

0 

418 

500  A  « 

STRETCH  MESS 

•  NC  SKIN 

0 

198 

280  A  < 

STRETCH  PRESS 

•  HOT  FORM 

0 

280 

320  A  < 

•  OEEP  OMM 

280 

280 

280  A  < 

•  mO  MONK,  ETC. 

721 

40* 

m 

10.000 

12,101 

33, 700  A  < 

a»Tw_wn— — 

I'HUL I 

WKULitmmi 

SHAPE  FLAT 

ESTIMATE 

■LJ.ii  HNHi 

■JV.'iV 

TTT 

NC  ROUTER 

0 

4,700 

NC  PROFILE 

PUNCH  PRESS 

0 

2,700 

SHEARS  A  OTHERS 

10,000 

4,700 

10,000 

12,100 

*mrt  count  in  this  mu  wiu.  orop. 

MKTS  MILL  M  MAOS  ON  NEM  IQUIPNENT. 


FI8URE  3  MKTS  OATA 
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The  moderniiation  layout  la  shown  In  Figura  2,  Shoot  Motol  Shop 
Modernization  Layout.  This  plan  can  bo  lap Iowan tod  in  saall 
incroaanto. 

1.  Tho  aajor  itoao  for  incroasing  shoot  motol  parts 
production  ora  tho  NC  routsr,  NC  prof 1 Is  punch  pross, 
dobur  machlno,  and  translator  digitising  system.  Tho  NC 
router  and  punch  press  will  greatly  facilitate  the 
shaping  of  sheet  metal  parts*  and  the  translator 
digitising  system  will  supply  digitised  data  sets  to  the 
NC  machines.  The  debur  machine  will  greatly  reduce  the 
flow  time  and  labor  to  brake  and  debur  parts. 

2.  Since  hydroform  parts  aro  more  labor  intonsive  although 
fewer  in  count,  hydrofora  pr noses  will  require  updating 
prior  to  making  improvements  in  the  brake  press  process. 
The  new  hydraulic  press  with  a  trapped  rubber  head  and 
two  feed  tables  should  be  put  into  operation*  and  then 
the  SOO-ton  hydraulic  press  should  be  refurbished  with  a 
trapped  rubber  head  and  two  feed  tables  added.  This 
improvement  will  considerably  increase  the  press's 

o< 

hydrof arming  capabilities,  thus  allowing  it  to  handle  the 
expected  i ncreese  in  part  count.  This  will  contribute 
significantly  to  the  reduction  of  handwork  man-hours. 

3.  The  brake  fern  capability  will  bo  improved  with  one  12- 

femt  NC  brake  press*  one  k  feet  NC  brako  press,  and  one 
4-fomt  NC  brake  press.  in  addition,  unit load  punching 
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tools  for  pilot  holos  are  rsquirod.  Tho  Addition  of  this 
equip went  Mill  «11om  tho  brsko  fora  to  hsndla  tho 

raquirsd  1 ncroasod  part  count  but  Mill  roquiro  tho 
addition  of  a  nao  NC  shoAr  to  cut  r am  OAtsrlAl  to  flat 
pattorn  sizes. 

Tho  follOMing  naM  aquipmant  has  boon  idontifiad  to  incroasa  tho 
shops ‘  capability  to  produco  shoot  natal  parts  which  arm  not 

prasantly  boing  fabricated  at  SA-ALC  but  will  bo  raquirod  for 
futuro  nodi fi cation  Mark  an  both  present-  and  nsM-ganaration 

aircraft! 

1.  NC  Extrusion  Btrstch  Press. 

2.  NC  Skin  Stretch  Press. 

3.  Hot  Fora  Press. 

4.  Fluid  Cell  Preee. 

To  support  the  new  NC  eochines,  the  organization  responsible  for 
the  layout  of  flat  patterns  and  other  tooling  Mill  require  a 
Coaputer  Aided  Oesign/Cooputer  Aided  Manuf acturing  (CAD/CAM) 
tereinal.  This  teroinal  should  interface  Mith  the  proposed 
digitized  systeo  uhich  converts  hardcopy  drawings  to  digitized 
data  sets.  The  CAD/CAM  teroinal  Mill  be  typical  of  those  now  in 
use  for  NC  wills  and  lathes  and  will  allow  tapes  to  be  organized 
for  the  NC  router  and  punch  press.  The  teroinal  should  be 
equipped  with!  (1)  software  progress  to  aake  data  sets  for 
routing  flat  pat tor ns  for  both  airfrase  and  cosoereial  air 
conditioning  ducts,  and  <2)  software  that  will  interface  with  the 
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NC  MchlnM  and  also  tha  plotters.  Ths  CAD /CAM  systoa  Mill  not 
bo  a  priaary  systoa  but  Mill  bo  utilized  as  a  backup  systaa  to 
preclude  oerk  stoppage  for  lack  of  data  sets  or  other  digitized 
data. 


6.3  Non  and  Modified  Machines 

The  nee  and  modified  machines  recommended  for  use  in  tha 
modernization  plan  are  listed  in  Appendix  B,  Tables  B-13  through 
B-13.  Data  provided  includedi 

1.  Rough  Order  of  Magnitude  <R0M>  Coat  (FOB  Supplier). 

2.  Expected  Delivery  Time  Frame. 

3.  Consumables. 

4.  Electrical  Pomor  Requirements. 

Mom  equipment  data  contained  in  the  matrices  are  based  on 
teleconference  inquiries  Mith  equipment  suppliers  during  the  last 
quarter  of  1983.  Prices  are  subject  to  change  Mithout  notice. 

The  retained  and  modified  equipment  recommended  for  use  in  the 
modernization  plan  is  based  an  data  from  historical  maintenance 
records  (Tables  8-1  through  8-12  and  Figures  B-i  through  B-S) , 
cost  estimations  from  refurbishment  firms,  machine  replacement 
values,  and  engineering  Judgement  from  visual  observations. 

One  copy  of  la/euts,  calculatione,  and  original  vendor  data  used 
in  preparation  of  this  report  Mill  be  catalogued  and  furnished  at 
the  time  of  submittal  of  the  final  report. 
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7.0  SUPPORT  ORGANIZATION  INTERFACES 
7.1  Concluaions 

The  following  observations,  derived  from  tha  technical  taam 
aurvay  and  tha  foragoing  tachnical  discussion,  arm  offarad  to 
furthar  tha  procaaa  of  modernization  of  tha  shaat  matal  shop. 
Installation  of  NC  equipment  (braka  and  punch  praaaaa)  and 
trappad  rubber  haads  for  naw  or  existing  aquipmant  will  greatly 
increase  tha  capability  to  fabricate  shaat  matal  parts  and  will 
meet  or  exceed  tha  21  percent  growth  estimate.  Large  quantities 
of  data  and  material  will  be  raquirad  to  support  tha  proposed  new 
sheet  matal  facility.  Tha  support  organizations  that  will  be 
impacted  tha  most  by  tha  naw  aquipmant  are  as  followsi 

ENGINEERING  -  Increase  capability  to  allow  part  programming, 
develop  digitized  data,  and  design  tooling 
(special  tools,  form  blacks,  ate.). 

PLANNING  -  With  tha  increase  in  sheet  matal  parts  production 
and  use  of  high-technology  machines,  tha  primary 
concern  is  tha  requirement  for  a  master  schedule 
based  on  part  need  data.  Job  planning  should 
include  opacification  of  materials,  designation  of 
form  blocks,  machines,  processes,  and  process 
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SCHEDULING  -  The  job  planning  data  should  provida  tha  basis  for 
preparing  and  maintaining  a  master  schedule  for 
parts  flow  through  the  shops.  Automatic  Data 
Processing  <ADP)  will  simplify  integrating  new 
tasks  and  coordinating  tool  availability, 
material,  and  manpower. 

MATERIAL  -  ADP  planning  will  enable  accurate  record  keeping 
and  assist  in  projection  of  material  usage  so  that 
proper  inventories  can  be  established  and 
maintained. 

SHOP  -  Select  key  people  for  training  at  factory  schools 
SUPERVISION  and  then  cross-train  backup  personnel. 

FACILITIES/  -  Establish  maintenance  schedules  for  new  machines  and 
MAINTENANCE  train  key  personnel  to  new  high-technology 
requirements.  Provide  maintenance  data  for 
integration  with  hardware  production  scheduling. 

DATA  -  Update/ develop  standard  automated  planning  system 

PROCESS I NO  to  work  with  master  schedule.  Develop  retention 

and  retrieval  system  for  digitized  data  converted 
from  engineering  drawings. 
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Training  on  na««  high-technology  equipment  should 
ba  part  of  tha  purchaaa  agreement.  At  prasant ,  no 
certifi cation  raquiramants  ara  naadad.  For  navi  NC 
machines,  trainad  oparators  ara  required  and  thair 
proficiency  must  ba  maintainad  and  documantad. 

7. 2  Racommandati ons 

Tha  following  racommandations  ara  darivad  from  tachnical  taam 
surveys,  tha  modarnization  layout  of  Figura  2,  and  tha  foregoing 
tachnical  discussion.  Specific  racommandations  are  as  follows! 

Enoinaarino  -  SA-ALC  anginaaring  makes  parts  for  many  different 
types  of  aircraft,  each  with  a  different  drawing  system  (e.g., 
Boeing  (BS2) ,  Lockheed  <CSA  and  Cl 30),  ate.).  With  tna 
introduction  of  data  sets  it  becomes  a  major  task  to  convert  this 
diversified  data  to  a  machine  compatible  language.  A  layout 
specialist  group  will  ba  required  to  translate  these  company 
drawings  to  usable  language  data  for  tha  machine.  This  group  will 
provide  the  data  necessary  to  define  a  flat  pattern  from  hardcopv 
for  routing  on  tha  NC  router  or  profile  punch  press.  This  group 
will  also  arrange  tha  parts  on  sheet  stock  to  control  scrap  and 
provide  tha  data  to  the  oparators  through  tapa  or  computer 
storage  for  NC  operation.  All  tapes  for  tha  NC  router  will  ba 
prepared  by  this  group.  They  will  also  ba  responsible  for  storage 
of  the  electronic  data  and  to  build  a  data  base  for  future  use. 


L 


TRAINING/  - 
CERTIFICATION 
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Layout  specialists  can  also  support  other  organizations  such  as 
tooling*  by  scribing  or  routing  headers  for  a  master  model  to  be 
used  in  drop  hammer  or  ‘fiberglass  fabrication.  Also*  layout 
specialists  can  provide  building  maintenance  Mith  data  sets  of 
air  conditioning  transitions,  plenums,  etc.,  or  provide  full  size 
mylar  copies  of  data  to  be  used  for  maxing  drill  tocis,  hand 
routers,  and  assembly  fixtures.  A  specialist  is  needed  who 
understands  design  requiraments  far  appropriate  tools  to  work 
with  the  new  generation  NC  equipment. 

Planning  -  A  master  schedule  based  an  part  naad  date  should  be 
developed.  Detailed  planning  for  each  part  which  includes 
material,  tool,  machines,  processes,  process  sequence,  and  part 
flow  through  the  shop  should  be  formulated  for  consistency.  Each 
part  should  be  assigned  a  code  number,  i.e. ,  a  series  of  numbers 
or  letters  far  automatic  data  processing.  The  number  should 
indicate  such  parameters  as  designated  machine,  processes, 
surface  finishes,  material  shape,  chemistry,  dimensions, 
tolerances,  lot  size,  etc.  This  information  provides  the 
foundation  for  a  data  base  which  has  broad  applications.  Since 
SA-ALL  makes  parts  for  the  B-S2,  CS,  and  C-130  aircraft,  each 
with  different  types  of  drawing  systems,  the  data  base  can  be 
used  to  group  parts  by  common  characteristics,  which  in  turn, 
makes  it  possible  to  eliminate  unnecessary  planning.  Such  a 
system  has  been  demonstrated  to  reduce  the  time  required  for 
planning  by  as  much  as  80  percent. 
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The  survay  team  reviewed  planning  and  scheduling  systaas  during 
the\remote  sita  surveys.  Standardization  is  the  key.  Tha  systaas 
surveyed  Mere  based  on  repeating  the  saee  functions  over  and  over 
and  doing  it  the  saee  May  every  time.  BCAC  standardized  each 
activity.  Individual  methodologies  m are  discarded.  This  system 
mss  then  converted  to  usable  soft Mare  and  sheet  metal  planning 
became  standard  and  automated. 

With  the  nem  machines  at  SA-ALC  a  similar  system  should  be 
employed.  The  changes  need  to  be  internally  reviewed  and  made  an 
integral  part  of  the  modernized  sheet  metal  operations. 

Scheduling  -  Scheduling  must  control  parts  floe  through  the 
shops,  i.e. ,  when  parts  Mill  be  at  specific  locations,  how  long 
they  are  to  be  in  that  location,  and  Mhat  the  "hold  up"  is  if 
they  fail  to  move.  With  this  system  "bottle  necks"  and  "Mark 
stoppages"  occurring  from  lack  of  data,  material,  or  manpoMer 
become  highly  visible. 

Material  -  With  automated  planning  and  scheduling  in  place,  the 
materials  function  must  also  become  automated.  Part  count, 
quantity,  material,  ete. ,  are  easily  assessable  allowing 
identification  of  trends.  Once  these  trends  are  identified, 
quantitative  analysis  can  be  made  which  will  assist  in  projection 
of  material  usage  so  that  proper  inventories  can  be  established 
and  maintained. 
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IhM  ilBTYiltan  **  Training  o f  personnel  to  ba  apodal  lota  and 
•Muring  backup  personnel  availability  ia  crucial  to  a  achodul a 
aanaitiva  oyataa.  Now  technology  raguirM  graatar  knouladga  tilth 
regard  to  utilisation  and  training  of  paraonnal. 

Facilltiaa  Halntananca  -  With  NC  aachinaa  aa  priaary  dr l vara  4 or 
achadulad  production  it  bacoaoa  vital  to  aaaura  tho  aachinaa 
oparato  at  optiaua  1 aval a.  Scheduled  pravantativa  aaintonanco  la 
tha  kay  to  long  runa  with  ainiaua  down  tiaa.  halntananca  ah Quid 
bacoaa  a  part  o4  aaator  achodul ing. 

Data  Procaaoina  -  Thia  ayataa  will  autooatically  ba  raviaad  aa 
othor  organixationa  autoaata  or  apply  electronic  ayatoaa.  Tho 
aain  concern  of  thia  operation  ia  to  aaaura  atandardixatlon. 
Thia  wo  ana  that  oach  organ!  xati  on  'a  data  procMaing  will 
interface  with  tho  othora.  An  individual  4 row  anginooring, 

planning,  or  achodul ing  ahould  bo  roaponaiblo  for  Mintainlng 
uni form ty  and  atandardixatlon  for  tho  data  ayatoa. 

Tralnino/Cortif lcatlon  -  Training  will  ba  dividoo  into  two 
■act ion a  for  tha  naw  aloctronic  ayataaa.  both  oporatora  and 
aaintonanco  poraonnol  ahould  ba  factory  trained  by  tha  equip want 
aanufacturar  and  will  than  bacoaa  inatructora  for  othora. 
Halntananca  personnel ,  requiring  factory  training,  will  bo  used 
to  koop  aachinaa  in  service,  to  train  other  aaintonanco 

poraonnol,  and  Mtabliah  tha  ailoatonaa  for  pravantativa 

aaintonanco  on  tho  aaator  achodul o. 
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ABSTRACT 

TM  inAiatrUl  el  to  aurvayt  mm rm  caMuctai  Ay  a  BAO  teae  to 
evaluate  tneir  ahoot  ootol  faerl  cation  oethedo,  procedures,  dot* 
processing  and  eeulpeentt  and  to  ascertain  i ♦  portions  o*  tnoir 
tochnolojry,  technlpue,  pp or at ions,  and  facilities  couid  po 
applied  to  update  the  M-ALC  shoot  ootal  oporatlono. 
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1.0  INTRODUCTION 

The  pr  leery  •fejactlv*  of  the  slto  ourvoys  moo  to  4  Mill  lari  so  too* 
ooaOoro  with  tho  shoot  ootol  fahrieotion  oothoOo  onO  Ooto 
pros ooo Inp  ot  10  OLC  anf  thon  survey  tho  InOuotrlol  oltoo  in  tho 
orooo  of  procooo  soul peon t t  Markload,  Mark  flow,  organisation  and 
organisational  intorfaeos.  MO  Mill  avaluato  tholr  oothooa  of 
oooratians  to  ascertain  if  portions  of  thoir  technology  ana 
tschniguos  can  too  applied  to  Sh-hLC  op  orations. 


shoot  ootal  partsi  honever,  oost  joto  or  Oars  processed  through  tho 
shop  are  for  10  to  30  ports/port  m  into  or.  Tho  shoot  ootal 
fatortcation  faeilitloe  are  locatoO  in  Plant  II,  Seattle, 


Mashing ton. 


Tho  procedures  wood  to  identify  and  control  flan  of  shoot  ootal 
through  tho  eystoo  mots  presented  toy  tho  Indus trial  engineering 
Office.  Tho  concept  ic  tossed  on  a  castor  echoduie  Mitn  each 
organisation  providing  thoir  ear  vice  in  a  tiooiy  sannor  to 
sr educe  parts  en  schedule.  Pros sure  is  placed  on  tho  schedule 
Mhen  one  or  oars  groups  increase  thoir  capatoility  and, 
therefore,  put  forth  a  r soul resent  for  tho  interfacing  group's 
iaprsvenont .  This  ay  at  so  has  farced  planning  te  join  tho  high- 
technology  environ sent. 
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This  systss  is  siaple  and  hss  ssny  features  that  could  Os 
iapl scented  «t  SS  SLC.  It  will  roguire  rsiltgninf  i ntsrf scss  and 
arson  national  rsspsnsiOil  i  tiss.  Sows  itsws  which  should  Os 
consl dsrsd  for  incorporation  into  ths  SA-dLC  shoot  wotol 
oporotions  includsi 

1.  Standardisation  in  design,  planning,  processes,  and  parts 
wonuf oc tur i ng . 

2.  Ths  plonnsr  oust  plan  soch  joO  frow  start  to  finish, 

which  includss  spocifying  aatsrials  and  dedicating 
■pacific  wachins  tools  (OKI sting/new) ,  fora  0 locks, 

woe  hi  nos,  processes,  and  ths  aonuf  act  waring  of  parts  to  a 

prsdstsroinsd  schedule. 

3.  Koch  part  should  Os  assigned  a  classification  nuwbsr  or 

cods  nusOsr,  a  soriss  of  nuoOsrs  or  letters  which  can  Oa 
handled  Oy  a  c— outer .  For  SMasplo,  it  would  include 

wachins  sosrations,  surface  finishes,  watarial  shape, 
cheeistry,  di eons ions,  tolerances,  lot  else,  etc.  This 
inf or eat ion  provides  the  foundation  for  a  data  base  which 
has  Orssd  applications.  Sines  SO-dLC  wakes  parts  far  the 
S-t2,  C8,  and  C-130  aircraft  each  with  different  typos  of 
drawing  ■ yet see,  the  parts  can  Os  grouped  Oy  coeeon 
char actor i sties,  which  in  turn,  wakes  it  possible  to 
eliwinete  unnecessary  planning  duplication.  This  has 
been  dseanetrated  to  reduce  the  ties  for  planning  by  as 
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4.  Parts  of  ths  BCAC  systoa,  uhan  integrated  with  tha  SA-ALC 
systoa,  could  provido  tho  needed  laprovoaont  to  support 
ehanga  and  could  possiPly  bo  so* t war a  prograaaed  into 
osisting  oouipoant.  Tho  standardisation  and  uniforalty 
alona  would  raduco  aisintarpratation  by  interfacing 
organisations  and  provida  a  moothar ,  quicker 

tranaoission  or  data.  Tha  aystao  is  geared  to  accapt 
"surge  loads'*  and ,  in  aost  casts,  without  praaiua  tiaa 
baing  allocated. 

9.  BCAC's  priaary  driver  “Production  Schedule"  was  evident  in 
tha  warahouaing  of  eater ial,  aovaaent  to  tha  aachines, 
and  tha  routing  of  tools  to  machines. 

2.2  Sooino  Military  Airplane  Coooanv  (BMAC)  Survey 

•CMC  is  priaarily  a  largo  aircraft  aodificatian  center  for 
ailitary  aircraft  and  large  cowaercial  airplanes.  Thair  flight 
lino  appears  to  be  an  international  airport  with  all  types,  sizes 
and  vintages  of  aircraft  rapr assn tad.  In  soaa  cases,  parts  and 

aircraft  wars  baing  repaired  ta  foreign  flight  regulations.  They 
also  build  tha  cabin  sections  for  tho  737,  757,  and  747  airplanes 
for  BCAC. 


Tho  priaary  concern  at  SMAC  was  utilization  of  aachinas  and 
facilities  whan  tha  quantity  of  parts  eight  ba  one  or  two  and  tha 
schedule  on  tho  planning  card  was  ASAP-A08. 
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BMAC  is  a  smaller,  mo re  divaraa  sheet  natal  fabricator  than  BCAC. 
Divaraa  nachinaa  auch  aai  NC  Laaar  routers,  Linonill  Tracar  Watar 
Cuttar  routara,  apaclal  designed  routara  to  prof i la  ax tana Iona, 
and  shop  control lad  digitizer  ayatana  war a  uaad.  Thaaa  allow 
officiant  utilization  of  material  and  tha  placamant  of  AOS  parta 
into  tha  flow  without  jeopardizing  planned  achadulaa.  Whan  tha 
ahop  or  workload  capability  ia  calculated,  tha  allotted  time  ia 
ao  close  to  actual  time  that  any  break  in  tha  system  craataa 
large  backloge.  Thia  has  made  it  nacaasary  to  develop  a 
comprehensive  preventative  maintenance  system  ana  machine 
replacement  program  which  allows  tha  sheet  metal  shop  to  support 
tha  high  volume  quantities  thair  programs  require. 

Computer  Numerical  Control  <CNC>  machines  and  Numerical  Control 
(NC)  machines  require  large  amounts  of  data  and  large  quantities 
of  material.  Digitized  systems  are  controlled  by  and  dedicated 
to  support  the  sheet  metal  shop  in  fabrication  of  spare  parts  for 
all  types  of  military  and  commercial  aircraft,  both  U.S.  and 
foreign.  Boeing  maintains  approximately  a  3-month  supply  of 
material  based  on  the  current  use  rate.  Material  availability 
status  is  basically  computer  controlled  and  is  monitored  very 
closely.  Boeing  usually  contracts  with  a  vendor  to  supply  their 
Material  for  a  specific  period  of  time.  The  vendor  monitors  the 
use  rate  and  keeps  the  material  at  a  specified  level. 

Boeing  has  standardized  all  their  Engineering,  Planning,  and 
Manuf acturlng  operations  whfrefe  allows  BMAC  and  BCAC  to  have  the 
same  data  processing  operation.  MAC  is  geared  to  make  small 
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quantities  of  parts  with  minimum  tooling  and  ymt  maintain  a  largo 
product  support  capability  for  BCAC. 

ADVANTASE 

1.  Sama  as  BCAC. 

2.  Notes  Tho  digitizing  systmm  at  SA-ALC  to  inout  data  to 
tha  naw  NC  machinas  should  ba  dadicatad  to  or  control lad 
by  tha  shaat  matal  oparation.  Any  interruption  of  data 
flow  to  tha  machinas  will  result  in  a  large  backlog  of 
orders  very  quickly.  A  disruption  of  material  supply  can 
also  result  in  increased  backlog. 

2.3  Sacramento  Air  Logistics  Center  <SH-ALC)  Survey 

This  survey  was  an  opportunity  to  study  a  companion  Air  Force 
Logistics  Center  operation  using  the  same  regulations  as  SA-ALC 
and  ascertain  if  innovations  were  being  used  which  could  be 
applied  at  SA-ALC  operations. 

This  logistic  command  supports  the  A10,  Fill,  and  B-52  aircraft. 
Their  operation  parallels  SA-ALC  but  innovations  have  been 
implemented  to  efficiently  use  their  machines. 

Scheduling  and  routing  is  in  the  process  of  implementing  a  change 
to  a  "Kit"  method.  This  system  routes  ail  orders  and  material  to 
the  "Kit"  area,  the  orders  and  materials  are  then  released  to  the 
work  area  on  a  schedule  need  requirement  not  on  an  "earn ad -hour " 
value  or  some  other  priority. 
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Ttaplata  layout  requirements  a re  also  provided  by  a  tamplata 
layout  group.  Thaaa  draftsman  prapara  all  tamplatas  for  tha 
braka  pr asses,  router,  haadars  in  mastar  modal s,  and  locata 
features  for  assembly  tools.  They  also  design  tools,  prapara 
tapes  for  NC  punch  presses,  davslop  flat  patterns,  and  define 
material  quantities  for  production  runs. 

Tha  NC  punch  press  was  tha  leading  itam  in  tha  sheet  metal 
fabrication  area.  Tha  addition  of  a  trapped  rubber  head  to  an 
old  hydraulic  press  and  automatic  loading  devices,  along  with  a 
"follow  a  line"  battery-powered  mule,  are  examples  of  innovative 
improvement. 

SM-ALC  personnel  ware  very  inquisitive  about  other  operations  in 
other  places,  and  talked  briefly  of  developing  an  Air  Force 
Logistics  Center  (AFLC)  quarterly  meeting  to  exchange  ideas. 

ADVANTAGE 

1.  Planning  provides  the  sheet  metal  craftsmen  with  tha 
data,  material,  and  tools,  if  required,  so  their  time  can 
be  devoted  to  making  parts. 

2.  Planning  is  scheduling  the  work  to  a  master  parts 
schedule. 

3.  Their  digitising  system  is  dedicated  to  sheet  metal 
operation.  This  works  very  well  for  SM-ALC  with  no 
problems  reported. 
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2.4  United  Airlingg  Survv 

Uni tad  Airlinaa  is  a  larga  commercial  airlina  company.  Thair 
primary  task  is  schadulad  maintananca  of  commarcial  airplanas  to 
maintain  a  passenger  movamant  achadula. 

This  survay  was  short  but  informative.  Most  maintananca  is  on 
major  angina  components,  landing  gears,  brakes,  control  surfaces, 
etc.  They  have  major  spares  and  change  out  of  flaps,  gear  doors, 
entry  doors,  cargo  doors,  etc.  Their  priority  concerns  are 
record  keeping  and  engineering  planning  for  timely  identification 
of  requirements  and  fabrication  of  repair  parts.  They  have 
standardized  their  sheet  metal  processing  procedures  and 
manufacture  sheet  metal  parts  to  ana  standard  regardless  of 
aircraft  type  used:  i.a. ,  Baaing,  Lockheed,  McDonald  Douglas, 
Air  Bus,  etc.  Thay  have  coordinated  with  the  major  aircraft 
manufacturers  to  assure  their  procassas  and  procedures  meet  or 
exceed  their  requirement.  The  main  sheet  metal  schedule 
potential  problam  is  a  single  failed  item  caused  by  ground 
handling,  cargo  loading,  or  other  small  quick  fix  items.  To 
handle  these  problems,  a  communication  system  is  set  up  through 
Engineering  and  requirements  are  prepared.  Working  in  parallel. 
Purchasing  is  procuring  material  and  the  shop  is  gathering, 
designing,  or  fabricating  assist  tooling.  When  Engineering  is 
ready  each  organization  has  standardized  methods  to  process  sheet 
metal  in  their  area,  allowing  a  short  response  time. 
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ADVANTAGE 

1.  Standardized  sheet  matal  processing  procsdurss  and  parts 


manuf ac t ur i ng . 

2.  Tha  quick  response  time  between  Engineering,  Planning, 
Material,  and  the  sheet  metal  shops  to  handle  fixes. 


2.3  Summary 

Each  of  these  facilities  have  unique  application  of  sheet  metal 
fabrication.  Machines  and  facilities,  at  each  site  surveyed, 
were  reviewed  and  evaluated.  Machine  types  and  craftsmen  of  all 
sites  were  baaically  the  same.  The  differences  in  productivity 
are  significant  and  the  methodology  used  to  achieve  the  end  item 
productivity  is  equally  diversified.  Each  site  has  applied  new 
technology  to  their  facility,  each  in  a  Different  manner. 


One  specific  question  asked  at  each  site  surveyed  was,  "What  is 
the  best  way  to  increase  productivity  in  your  shop"?  They  all 
gave  one  basic  answer.  Give  the  shop  craftsmen  complete  planned 
jobs  with  the  required  tools  (special  tools,  form  blocks,  etc.) 
and  materials  at  his  workstation  so  he  can  keep  his  machine  busy 
making  parts.  The  second  answer  was  give  him  the  best  equipment 


pgssible  to  work  with 


APPENDIX  B 

TABLES  AND  FIGURES  FOR  MACHINE  MATRIX 
AND  MAINTENANCE  DATA  ON  MACHINES 


TABLE  B-1  SA-ALC  SHEET  iiET*L  (''V.E'T  EQUIPhEHT 


MTA  sum  I  ED 


UOMlNtt  nw  -Will  X3SIS  ow-ys 


OI1MK  VIM 


TABLE  8-2  MAINTENANCE  OATA  -  PRESS,  HYDROFORH  (EQUIP.  NO.  02654) 


VV  ?** 


TABLE  B-3  MAINTENANCE  OATA  -  PRESS,  BUSHING  'YORAULIC 
(EQUIP.  NO.  02622) 


JfLC  xSTri  388  WMII  mi  IMS  I*.  n  HMUIL 


0^-10051-1 


AR.C 


WUW  *M  f  —  W.  it 


a  _a 


II 


[#Ii 


.  MACHINE  TOOL  AMO  8QUIPMINT  HUTCRICAk-  RECORO 


OAOT  I  _  tliCWTMN  0* 


rCTTJU  iJJIW 

WbzSSrj 


r#M' 


r*«T  ii 


*mk  csmtkn 


itgcniKggr 


location 


COLUMN 


**rCM«NCK  TO  COLUMN  I  OAT*  INCTALLSO 


r  L  JTl 


[  H  !  I  — 1M— 

OAT* 

TTN* 

MAtMTCMAMCS 

IHViW  JL!T-.  I-litlTTI  /'I  II 


maTCMal 


COOT 


LAOOO 


ACCUM  total 


\cwt+*ji\ 
wwziw 
rrrrwtMi 


urr^rrai 

XlrWr'TkLA 


IfcJETFTOil 

lb-/WI 

fTVfTOH 


ffl. 


T97W721 


rJWJDI 


rjTJSui 


gyjjF/ii 

nWjTfTIQlj 

KFjjffWI 

K^nraHEii 

r/n.iii 

kzzmiii 


FTiTLHI 


IF*7YlT<j 

iva 


AFLC  XT?.  388 


tTLt-MA^A^AN  H  <l« 


aflc  ;arr,  3m  •ipm«u  mu  it.  wn<  n  tmuti, 


DW-10G51-1 


AFLC  SSTf,  388 


•tHMtl  tnc  PtM  M.  «MCa  It  OtMilH. 


Arve.«rpAP«wAM  7 a  *. 


0W-10051 -1 


11  1  ■■■  i  II  1  . "  1  ■!  "I  ■  l  "■■■  I 
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_  TABLE  B-9  MAINTENANCE  DATA  -  SHEARING  MACHINE  (EQUIP.  NO.  02446)  - 
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IT  DISPLAY  JOtS  15a  DIAGONAL  MB  CARO  I  SANE  AS  ITEM  25  OFF  THE  )1 .000  PUNCH  CAROS 
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FIGURE  B-l  MAINTENANCE  DATA  -  PRESSES 
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FIGURE  8-3  iiAIriTEHAHCE  DATA  -  SHEARS 
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FIGURE  B-4  MAINTENANCE  DATA  -  PRESS  PUNCH 
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FirURE  8-5  .MAINTENANCE  DATA  -  HOLE  PUNCH 


